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Executive Summary

The ULTIMO project undertakes a rigorous impact-oriented approach, reflecting the Horizon
Europe program’s emphasis on impactful research and innovation. Initially, the project
identified 151 Key Performance Indicators (KPls), later refined to 68 through collaborative
efforts among partners, ensuring relevance across social, economic, environmental,
technical/performance, and governance dimensions. This KPI framework is central to
measuring the project’s success in integrating AVs into urban mobility and logistics services,
highlighting the project's commitment to achieving quantifiable and sustainable outcomes.

This first version of the impact and KPI assessment details the ULTIMO key objectives and
maps them against specific dimensions and KPls. These objectives include validating
integrated shared CCAM systems, developing open-source APIs for seamless integration,
achieving large-scale multivendor deployments, creating a common model for HD maps,
enhancing automated passenger services, and developing business models for dynamic
chartering of AVs. Each objective is associated with targeted KPls across the identified
dimensions, illustrating ULTIMO’s holistic and multidisciplinary approach to advancing
automated mobility.

ULTIMO adopts an "impact-first" strategy, emphasizing user-centric and stakeholder-driven
outcomes. This approach involves proactive digital impact measurements to understand
user preferences and behaviours, ensuring that the project’s initiatives are aligned with real-
world needs and expectations. This document elaborates on the strategies for monitoring
digital impact and communication efforts, aiming to maximize visibility, engagement, and
relevance of the project's outputs. Through innovative techniques for content optimization
and user reach analysis, ULTIMO seeks to enhance its digital footprint and foster effective
stakeholder engagement. Preliminary results from digital impact monitoring underscore the
relevance of ULTIMO's topics and keywords, indicating positive user engagement even in the
early stages.

The multidimensional outcomes and impacts anticipated from ULTIMO are associated with
specific KPIs and a framework for assessing progress towards achieving enhanced
transportation efficiency, safety, user satisfaction, economic viability, environmental
sustainability, and technical innovation is provided. Although comprehensive data collection
will occur towards the project’s conclusion, the framework sets the stage for a structured
evaluation of ULTIMO’s impact along a set of KPlIs.

Concluding remarks emphasize the critical role of KPI assessment in gauging the project’s
success and guiding its trajectory, reflect on the challenges of establishing baseline values
and target goals for innovative projects like ULTIMO and highlight the iterative process of
aligning project objectives with measurable outcomes. The next steps involve continued
data collection, analysis, and refinement of strategies to ensure the ULTIMO’s objectives are
met and its impacts are maximized.

*
b Vil
"
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1 Introduction

During the past few years many projects and initiatives were undertaken deploying and
testing Automated Vehicles (AVs) for public transportation and logistics. However in spite of
their ambition, all of these projects stayed on the level of elaborated experimentation and
never reached the level of a large-scale commercial deployment of transport services. The
reasons for this are many, the most important being the lack of economically viable and
commercially realistic models, the lack of scalability of the business and operating models,
and the lack of user oriented services required for large end-user adoption of the solutions.

The ULTIMO project will create the very first economically feasible and sustainable
integration of AVs for Maa$S public transportation and LaaS urban goods transportation.
ULTIMO aims to deploy in three sites in Europe 15 or more multi-vendor SAE L4 AVs per site.
A user centric holistic approach, applied throughout the project, will ensure that all elements
in a cross-sector business environment are incorporated to deliver large-scale on-demand,
door-to-door, well-accepted, shared, seamless-integrated and economically viable CCAM
services. We target the operation without safety driver on-board, in a fully automated and
mission management mode with the support of innovative user centric passenger services.

ULTIMO’s innovative transportation models are designed for a long-term sustainable impact
on automated transportation in Europe, around the globe and on society. The composition
of the consortium ensures the interoperability between multiple stakeholders by making
adoption of new technology at minimum costs and maximum safety. The integration of the
ongoing experiments of previous AV-demonstrator projects ensures highest possible
technical and societal impacts from the very beginning of the project, as well as during the
project lifetime and even long after its completion.

1.1 On-demand Mobility

Public transportation is a key element of a region's economic development and the quality of
life of its citizens. Governments around the world are defining strategies for the
development of efficient public transport based on different criteria of importance to their
regions, such as topography, citizens' needs, social and economic barriers, environmental
concerns, and historical development. However, new technologies, modes of transport and
services are appearing, which seem very promising to the support of regional strategies for
the development of public transport.

On-demand transport is a public transport service that only works when a reservation has
been recorded and will be a relevant solution where the demand for transport is diffuse and
regular transport is inefficient.

On-demand transport differs from other public transport services in that vehicles do not
follow a fixed route and do not use a predefined timetable. Unlike taxis, on-demand public
transport is usually also not individual. An operator or an automated system takes care of
the booking, planning and organization.
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It is recognized that the use and integration of on-demand Automated vehicles has the
potential to significantly improve services and provide solutions to many of the problems
encountered today in the development of sustainable and efficient public transport.

1.1.1 Fully Automated Vehicles

A self-driving car, referred in the ULTIMO project as a Fully Automated Vehicle (AV), is a
vehicle that can sense its environment and moving safely with no human input.

The terms automated vehicles and autonomous vehicles are often used together. The
Regulation 2019/2144 of the European Parliament and of the Council of 27 November 2019
on type-approval requirements for motor vehicles defines "automated vehicle" and "fully
automated vehicle" based on their autonomous capacity:

An "automated vehicle" means a motor vehicle designed and constructed to move
autonomously for certain periods of time without continuous driver supervision but in
respect of which driver intervention is still expected or required

"Fully automated vehicle" means a motor vehicle that has been designed and constructed to
move autonomously without any driver supervision

In ULTIMO we operate Fully Automated mini and micro shuttles for shared public
transportation. In relation to the SAE levels, the ULTIMO project will operate SAE Level 4
vehicles.

s.oE SAE J3016™LEVELS OF DRIVING AUTOMATION

SE SE SE
LEVELO 2 LEVEL1 J LEVEL 2

You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
Wr:‘a‘ does ::e you are not steering “the driver's seat”
uman in the
driver's seat S ! aas
have to do? You must constantly supervise these support features; When the feature These automated driving features
) you must steer, brake or accelerate as needed to requests, will'not require you to take
maintain safety you must drive over driving
These are driver support features These are automated driving features
These features These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
What do th to providing steering steering not opéerate unless all required vehicle under
fa h o :sg} warnings and OR brake/ AND brake/ conditions are met all conditions
eatures do: momentary acceleration acceleration
assistance support to support to
the driver the driver
*automatic +1ane centering +[ane centering «traffic jam slocal driverless *Same as
em‘e(gency OR AND chauffeur taxi level 4,
braking : > : - pedals/ but feature
Example «blind spot +adaptive cruise | «adaptive cruise Stesii can drive
Features P control control at the 9 everywhere

vcheel may or
may not be
installed

warning

*lane departure
warning

same time in all

conditions

Table 1: SAE Driving Automation levels (©2020 SAE International)
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1.2 The ULTIMO dream for public transportation

Our city has a population of 700.000, and the local PTO (Public Transport Operator) deploys
3.000 Km of public transportation services’ routes, with 4 backbone tram lines, 8 backbone
large bus/trolley lines, and 340 fully automated multi-manufacturer mini and micro-shuttles
in an on-demand, door-to-door shared public transport service. The fleet of the 340
automated mini-busses is composed of different vehicle generations and models from
different manufacturers, as it was purchased in different batches during the last 12 years (it
all started with the first 15 bought by a European project in 2023/24). It is today composed
of the first 15 twelve-years old vehicles from manufacturer A, 160 eight-years old vehicles
from manufacturer B and 160 two-years old vehicles from manufacturer A, which are the
new generation of manufacturer’s A vehicles. These last 160 vehicles re-placed the last 70
old, driver based, thermic busses that reached the end of their life after 18 years in
operation. The change from driver large busses to automated mini-buses and from fixed line
service to on-demand, door-to-door, for the last area of the city, was decided 6 years ago,
and was based to the great success of the already deployed AV-based services in the other
parts of the city.

The integration of new vehicles in the PTO fleet was done within just a few days, thanks to
the now standardised APIs of the automate vehicles’ connection with the AV fleet
management and orchestration service, that allows a plug-and-operate functionality, but
also enables the combination of AVs with all other means of transport, offering a seamless
citizen centric journey to the users. Similarly, the now standardized High Definition (HD)
maps between the vehicle manufacturers, allowed us to reuse the maps created in the past
for the 3.000 Kms of routes of the city, with small adaptations for the new vehicle
capabilities. At the same time of the purchase of the last 160 AVs, we also switched to a new
AV fleet management and orchestration service, from another provider, which offers more
precise trip time estimations, considering also traffic jams in the city and weather conditions
(that affect traffic in the city). The replacement was made within just two weeks, thanks to
the new standardised interfaces between AV fleet management and PTO MaasS services.

Passengers are now able to reserve, via their mobile phone app, on the fly or with pre-
reservation trips from one side of the city to another, using the optimal transport mode
available for them, with a combination of different transport modes, and having the au-
tomated vehicle arriving next (or almost) to their door entrance and bringing them to their
final destination or to a backbone transport connection. All trips are offered with highly
reliable and accurate transport and arrival times, based on real time, dynamic route changes
of the vehicles, responding to the passenger needs. Many passenger services are available in
the AVs via a mobile phone app, adapted to all passengers’ needs, from special needs
passengers (visually impaired, wheel-chair users, pregnant women, elderly, children), to
persons transporting suitcases or a baby-stroller, providing adapted information of their trip
(where to get-off, PTO general information, and even infotainment, like city related
information and historical facts and anecdotes, related to their current position).

With the full suppression of on-board operators, automated in-vehicle monitoring provides a
multitude of passenger services, which were, and are developed with a continuous
collaboration and innovation between users and the PTO. An on-board unit identifies locally
(that is, in the bus) incidents and events, like aggressions, vandalism, forgot-ten objects,
littering, accidents, etc., and raises incident alarms to the PTO back-office. The PTO officer at



=

=

D7.7 Impact and KPI assessment — First version “ULTIMO

the back-office evaluates the incident and decides, based on the operator policies, what
action to take: dismiss the incident, or stop the vehicle and call one of the intervention
teams to go the vehicle and take the required action. The back-office operator, based on the
number of incidents and intervention time legal obligations, can deploy any of the 15
intervention teams available in the city, ready to reach within a few minutes any AV. At the
back-office, service operators are able, with one set of screens linked to the fleet
management, to follow the vehicle status, trip reservations, routes chosen, open and closed
road segments (due to works, accidents, etc. thus adapting dynamically the trip routings),
while in a second set of screens, the back-office operators can follow the passenger services’
incidents and the status and location of the intervention teams. The two systems, although
independent, are linked so that the back-office operator can transfer incidents to
intervention teams and turn-on, when possible and under the local legal restrictions, video
connection to inspect the incident.

The public transport services are operating 24/7 with different active vehicles, de-pending
on passenger transport demands. The PTO, being eco-sensible, has defined that the vehicle
must have an average occupancy of at least 3 passengers. This of course has implications,
especially in off-peak hours, in the transport delays, but it is fully justified for an optimal and
eco-responsible operation. Exceptions are made for people with special needs or when the
passenger is ready to pay an additional price.

While at peak-hours the full 340 strong fleet of AVs is in service for public transportation, in
the off-peak and night hours, due to the reduced transportation needs, part of the fleet is
not serving passenger transportation. However, because having a vehicle waiting idly is a
waste of resources, the PTO has signed an agreement with Logistics as a Service (LaaS)
Service providers. During the off-peak hours the unused vehicles are dynamically chartered
by the different LaaS providers to be used for other types of incidental transport of goods or
even non-public transportation of passengers. Local shops and enterprises use the service,
on demand with dynamic reservation, to offer home delivery of on-line purchases, or B2B
delivery of goods from an urban consolidation center to the distribution center (hub, many
to one or one to many [7], or even transport their VIP customers directly to their offices or
exposition centers. This way they can deliver the goods to their customers in the city, with a
delay of just 60 minutes with affordable prices, as the last mile is the most inefficient part of
the goods delivery chain. The goods send can include books from local bookshops or
libraries, supermarket bags or even documents exchanged between companies or waste.
The local shops are even using the service in the early hours (5 o’clock in the morning) for re-
provisioning their shops for the day. The so chartered AVs are “returned” to the PTO for
public transport at the peak-hours automatically, at the end of the chartered time period..

1.3 Preamble — Impact and KPIl assessment

WP7 is dedicated in the activities related to the overall project impact creation,
communication, dissemination, and exploitation activities. All partners participate in the WP,
each being in its relative domain, be it academic, industrial or knowledge promotion and
dissemination.

This deliverable, related to T7.4, aims to provide a first version of the impact and KPI
assessment of ULTIMO along a commonly created list of KPIs. This deliverable encapsulates
the efforts of all partners to foster a participatory and stakeholder-driven project
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environment and ensure a common understanding of the projects objectives and measures
of success.

2 Impact and KPIl assessment

As the Horizon Europe program is entirely impact oriented and impact driven, ULTIMO is
taking this serious. To assess the success of ULTIMO, the project team of ArgYou has
carefully collected in close collaboration with all the partners involved, PTOs and also with
partners from previous projects like AVENUE and SHOW, all the existing baseline Key
Performance Indicators (KPIs). Originally, there were 151 KPIs related to autonomous
vehicles in public transportation in total. Partners and evaluators have agreed on 68 KPIs as
being important/relevant for the ULTIMO project. To allow a thorough impact assessment
towards the end of the project, KPIs are usually clearly measurable numbers, figures, or
rates. In some exceptional circumstances, they can also be other success factors where for
example the success of a task can be measured in a “yes” or “no” form.

To establish the KPI assessment, there are three simple original questions to be answered:

1) How do you measure your and the project’s success?

2) What are the figures, you apply to measure your success?

3) What are the baseline values and which are the target values for measuring success
at the beginning and at the end of the project?

The columns which had to be developed and considered to accomplish the KPI discussion are
some already given by previous projects, to assure comparability, some by the data model,
to assure later integration and several descriptions which have been previously set already in
the proposal and in the Grant Agreement (GA) of ULTIMO. They are listed below:

- KPl number

- Priority (High/Medium/Low)

- Multidimensionality (Social, Economic, Environmental, Technical/Performance,
Governance)

- GA or Non-GA

- KPI

- Description

- Calculation Method

- Comments and Guidelines

- Example

- Excerpts from Proposal

- Baseline

- Target value

- Comments from Partners

- Partner to check KPI
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The outcome of the questions and discussions are summarized in an Excel file containing the
ULTIMO KPIs with guidelines which was made available by ArgYou to every project partner,
to the Executive Board and the reviewers and agreed upon in the ULTIMO-team.

2.1 History of KPI Development

The process of KPl development was led by ArgYou in connection with task 7.4 Impact and
KPI assessment, including consultation with previous Horizon 2020 and Horizon Europe
projects and collaboration with all ULTIMO partners including PTOs. The original ULTIMO
project proposal and the KPIs mentioned in the GA have been analysed to extract all relevant
outcomes and impacts. KPIls from previous projects in the same field were collected and
gathered together; in total 151 KPIs. In workshops, at the General meeting in Frankfurt and
in many bilateral meetings with partners, the final and commonly agreed upon
comprehensive KPI list was developed which contains in total 69 KPIs ensuring coverage for
each outcome or impact in the ULTIMO project. The main history of the work is listed below:

Date Topic

02.02.2023 | Meeting with CERTH and SHOW template, align with data model

Consolidation of Avenue and SHOW KPI's with ULTIMO KPIs, proposal

08.03.2023 .
mentions

04.09.2023 | First review by Prof. Dimitri Konstantas UniGE

13.09.2023 | Review Meeting with Prof. Dimitri Konstantas UniGE and ArgYou

21.09.2023 | Second review by Prof. Dimitri Konstantas UniGE

Working Session "KPI List for Impact Assessment” at the ULTIMO General

19.10.2023 Meeting in Frankfurt

15.11.2023 | Deadline for contributions by working session partners and PTOs

22.12.2023 | Deadline for contributions by all ULTIMO partners

19.01.2024 | Integration of all updates from ULTIMO partners including PTOs

16.02.2024 | Delivered for Executive Board first review and feedbacks

Deadline for submission: First version of the report on Impact and KPI

31.03.2024
assessment

Table 2:History of work on ULTIMO KPI list

2.2 Rationale for the Choice of KPIs

KPIs were selected based on their ability to quantifiably measure the project's success in
achieving these objectives across the outlined dimensions. The processes involved are:

e Alignment with Objectives: Ensuring each KPI directly correlates with at least one of
the project's objectives, allowing for clear measurement of progress towards those
goals.

o Comprehensive Coverage: Including a range of KPIs to cover all dimensions—social,
economic, environmental, technical/performance, and governance—ensuring a
holistic evaluation of the project's impacts.
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o Quantifiability: Choosing KPIs that offer clear, measurable indicators of success,

enabling accurate tracking and evaluation of outcomes.

o Stakeholder Involvement: Engaging with project partners and stakeholders to refine
KPls, ensuring they reflect the needs, expectations, and expertise of all parties
involved.

e Benchmarking and Targets: Setting baselines and target values for each KPI, derived
from the project's ambitious goals and the broader context of AV integration into
public transportation and logistics services.

The criteria used for selecting KPIs are on one hand an excerpt of previous projects, the
proposal, the GA and most importantly, KPIs are defined and measured by the partners who
know best what is possible in their field of expertise.

All criteria have been thoroughly discussed, reviewed and double checked by several
independent experts and research institutions to ensure that the KPIs are relevant,
measurable, and aligned with ULTIMO project goals.

The sustainable integration of AVs for Maa$S public transportation for passengers and LaaS
for urban goods transportation are the main project's goals and the comprehensive analysis
of KPIs are interconnected and carefully defined and described fully in line with this specific
AV ecosystem and its overall outcomes and impacts.

3 ULTIMO Key Objectives, Dimensions
and KPIs

The ULTIMO project's key objectives encompass a wide range of ambitious goals aimed at
revolutionizing the integration and utilization of Automated Vehicles (AVs) within Public
Transportation and Logistics services, targeting a more sustainable, efficient, and inclusive
mobility ecosystem.

In line with previous work done in the Horizon2020 project AVENUE, the multidimensional
aspect is carried over in ULTIMO. Nemoto et al. in “How to measure the impacts of shared
automated electric vehicles on urban mobility” (2021)? produce indicators for sustainable
mobility assessment of SAEV and map them to 5 dimensions (Social, Economic,
Environmental, Technical/Performance, Governance). In ULTIMO, the KPIs are mapped to
these 5 dimensions to ensure a holistic assessment.

INemoto, E. H., Issaoui, R., Korbee, D., Jaroudi, I., & Fournier, G. (2021). How to measure the
impacts of shared automated electric vehicles on urban mobility. Transportation research part D:
transport and environment, 93, 102766.
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The following table maps the dimensions and KPIs to ULTIMO’s Key Objectives (KO). The

numbering of the KPIs can be used to reference them in the comprehensive KPI list in the
appendix.
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KO#1 Validate Integrated Shared CCAM Systems and Services

This objective aims to integrate AVs with public transport, creating an environmentally
friendly, seamless intermodal trip experience. It directly impacts social inclusivity by
providing citizen-centric services, addresses environmental sustainability through zero-
emission vehicles, and touches on governance and technical/performance through the
implementation of high-quality services integrated with existing mobility solutions.

Dimensions

Social, Environmental, Technical/Performance, Governance

KPIs

A8 | Proactive alternative itineraries for passengers

Al13 | Local engagement and acceptance

A22 | Number of passengers

B1 | Average speed

A27 | Scheduling coordination (AV on demand)

A32 | Transportation time

A40 | Speed of Avs

KO#2 Develop Open Source APIs for Seamless Integration

Focusing on interoperability and minimal investment for integrating multivendor vehicles
and services, this objective contributes to economic viability by promoting scalable business
models. It also enhances technical performance through direct integration capabilities and
supports governance by setting up standards for interoperable components.

Dimensions

Technical/Performance, Economic, Governance

KPIs

A9 | New shuttle average integration time

C5 | AVintegration in MaaS

KO#3 Large Scale Multivendor Deployments

Deploying large-scale, citizen-centric, on-demand services contributes socially by addressing
diverse mobility patterns and needs. Economically, it utilizes older technology vehicles
efficiently, reducing carbon footprint and supporting environmental goals.

Dimensions

Social, Economic, Environmental

KPlIs

A8 | Proactive alternative itineraries for passengers

A13 | Local engagement and acceptance

A22 | Number of passengers

B1 | Average speed

A27 | Scheduling coordination (AV on demand)

A32 | Transportation time

A40 | Speed of Avs

A6 | Service hours per day

A7 Reservation services

Al14 | Modernization of city stations
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A15 | (Acceptable) detour time

A16 | AV dispatch time

C1 | High density mapping (RSD)

KO#4 Common and Reusable Model for HD Maps

Creating a common HD map model reduces costs and enhances the economic viability of
deploying AVs, directly impacting technical performance by ensuring vehicles can operate
more efficiently across diverse environments.

Dimensions

Technical/Performance, Economic

KPIs

A26 | Predictive model accuracy

A45 | AV lifetime

C2 | Spare parts guarantee

A10 | Predictive maintenance and situation awareness for hardware repair time reduction

Al11 | Predictive maintenance and situation awareness for software repair time reduction

A21 | Seamless full scale operation

KO#5 Automated Passenger Services for Safety and Quality

Enhancing public transportation service quality through innovative in-vehicle services
improves safety, security, and the overall passenger experience, addressing social inclusivity
and enhancing technical performance.

Dimensions

Social, Technical/Performance

KPIs

A3 | Special needs and inclusive passenger services

A4 | In-vehicle communication services

A5 | in-vehicle passenger safety services automated

A28 | Al event detection reliability

A29 | Passenger satisfaction concerning safety

A35 | User satisfaction with AV

A41 | on board safety driver

C3 | Number of handicapped users of ULTIMO services

C6 | Passenger security reaction time

C7 | Passenger comfortability levels

A33 | Number of accidents

A34 | Conflicts-Near miss incidents

KO#6 Develop Open Source APIs for Seamless Integration

Developing business models that allow AVs to be dynamically chartered addresses economic
efficiency, social inclusivity by providing on-demand services, and environmental
sustainability by optimizing vehicle use.

Dimensions

Economic, Social, Environmental

KPIs

Al | Value added services proposed for individuals, retailers, freight transport professionals

A17 | Cost competitiveness of services

A18 | PTO costs

A23 | Logistics service use cases
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A24 | Dynamic chartering of AV by non-PTO

A36 | Night time deliveries

A38 | Logistics services provider trust

A39 | PTO trust

A46 | PTO dynamic chartering

A47 | Operating costs of Logistics

A12 | Nationwide expansion within Germany

KO#7 Improved Interaction with Road Users and Infrastructure

Enhancing safety and efficiency through better vehicle and infrastructure interaction directly
impacts technical performance, contributes to social safety, and supports environmental
objectives by optimizing traffic flow.

Dimensions

Technical/Performance, Social, Environmental

KPIs

A25 | Road maintenance costs

A30 | Frauds and vandalisms

A44 | Cyber-attack impact

A10 | Predictive maintenance and situation awareness for hardware repair time reduction

Al11 | Predictive maintenance and situation awareness for software repair time reduction

A21 | Seamless full scale operation

A33 | Number of accidents

A34 | Conflicts-Near miss incidents

KO#8 Realistic Long-term Transition Planning

Focusing on a comprehensive assessment of technical, social, economic, and environmental
impacts facilitates the creation of sustainable transport systems, directly influencing
governance strategies and policies for AV deployment.

Dimensions

Governance, Social, Economic, Environmental

KPIs

A19 | Know-how exchange

A20 | Brochure downloads

A31 | User acceptance

A37 | Passenger trust

A42 | Scientific publications

A43 | Conference presentations

B2 | Website

B3 News feeds

B4 | Leaflet publications

B5 | e-newsletter

B6 | Social media posts

B7 | Videos

B8 | Attending events

B9 | Event organisation

B10 | press releases

B11 | Citizen co-creation

A48 | Energy use

*
*

* * 10
* *
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A49 | Climate change

A50 | Air pollution

C4 | Results availability

Table 3: Mapping of ULTIMO Key Objectives to dimensions and KPIs

4 Impact-First Approach

All measures are designed to be entirely passenger, citizen and user-centric. It is expected
that passenger and transport industry adoption of the new transportation models will be
achieved based on the long-lasting experiences of the project partners, relying on new multi-
national, multi-channel user-centric impact measurements, showing what users want and
what they actively search for already. This assures the highest technical and societal impacts
from the very beginning of the project, during the project lifetime and even long after its
completion. The project encompasses different aspects: data-based, individual, sociological,
capacity building, technological mobility platforms and awareness. Therefore, the
verification of the achievement of the planned objectives will be performed with different
modalities and various KPlIs.

Digital impact KPIs of the proactive measuring and analysis approach include as principal
steps:

1. Gathering ideas on small autonomous busses, mobility and agile transportation as the
basic scope: collecting and extracting existing topics, principal ideas and contents of
operators and “demonstrators”, topics out of trials, workshops, communications,
qguestionnaires, etc.

2. Matching the gathered data (blue bars in Figure 2) with aggregated active search
patterns by APl on multiple online channels full scale and country specific (red bars in
the figure below).

3. Measuring digital impact KPlIs: benchmarking the resulting data by measuring the
related digital impact to assure social resilience and targeted actions.

Such digital impact KPIs are generated from the latest big data science tools by collecting,
aggregating, validating already existing publicly available information on the internet entirely
in line with GDPR. This approach is followed in all the works and discussions for all the actors
involved, communications, websites (Progressive Web Applications PWA), and workshops.
Therefore, the approach of measuring potential “digital impact first”, even before
determining and analysing the communication measures and briefings, will be undertaken.
This stepwise pathway to impact process and approach is considered very important,
effective and efficient for supporting this multidisciplinary project’s overall goals. Following
this strategy, all the project partners will be enabled to use valid and reliable data and
contents, available for ongoing and final assessments and evaluations of their contribution
to the impact and to the expected outcome.

«
*

* * 11
* *
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Figure 1: Matching content offered with digital demand

In ULTIMO, many different KPIs are defined at the beginning of the project. Some have been
defined in the proposal and some of the KPIs are mirrored from the AVENUE and SHOW
projects, to enable comparative evaluations. Other KPIs are defined by the partners and the
pilots. All KPIs will be assessed towards the end of the project, some of them already at mid-
term review, wherever possible. All partners are dedicated to develop impact on
technological, societal, scientific and public (media) levels.

Information generated in the context of ULTIMO is tested regularly for digital impact on all
the relevant channels which are most frequently used by the AV community.

Each ULTIMO deployment site is supported systematically to achieve its most possible local,
regional and national impact in each of the countries involved and in their national/regional
language when showing the AVs fully in operation. The partners will proactively promote the
pilot presentations and the new vehicles also in all other countries.

5 Digital Impact and Communication

The focus on digital impact lies on technically measuring the search volume and engagement
related to the project's topics to all the communication measures, website, App, media
releases, video contents, brochures and evenly the contents which will be relevant to the
pilots, the sites in the respective languages and on the national digital channels. The
technical approach focuses in an innovative way on one hand on the optimization of the
published contents (speech) towards more impact on the user side for visibility and
readability as well as “findability” on all search platforms. Furthermore it measures, even
more important, for impact also on the used and understood or searched aspects of the
published contents (reach) directly by the users. All communication plans and measures
where applicable and where the partners deliver their dedicated contents and keyword
setup, ULTIMO follows an impact assessment and is analysing preliminary base line data and
ongoing monitoring data from the active users and is providing those results immediately
and directly to the communicators and professionals who are involved in all ULTIOMO
communication and dissemination actions. The data is used by the C&D Team from UITP, the
advertising agencies responsible for web and video etc.. In the pilot context, as soon as the
pilots start, the PTOs and their own communication activities will also be accompanied and

L 12
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assessed proactively by the impact assessment partner ArgYou with national data for the
pilot country.

5.1 Digital Impact Monitoring Strategy

The “impact first” strategy analyses proactively all contents generated and delivers the
impact KPIs for the teams working on the contents, on the use cases and on the pilot sites,
with the aim of having the strongest possible positive impact on the users, passengers,
transportation as well as on the AV community and on all the stakeholders. On the digital
channels, like search engines, social media and e-platforms a project name monitoring is
measuring the online impact of ULTIMO by researching important specific keywords names
and brands and their communication KPIs during the four years period of the project. The
ULTIMO digital keyword monitoring strategy starts with the creation of a project keyword list
in collaboration with all the partners of ULTIMO, refined by the communication team. The
result is a comprehensive list of keywords and a short list of branding keywords for ULTIMO.
The branding keywords are monitored monthly over the project’s lifetime to see whether
the ULTIMO brand is taken up in their search queries by the users on the internet. The
comprehensive list of keywords is measured at the start, in the middle and at the end of the
project, in order to have a reference search volume for these keywords at different stages of
the project. As for the pilots’ keyword monitoring, up until the start of the pilots, more
specific keyword lists are developed in collaboration with the pilot partners. These lists are
then monitored monthly, in the same vein as the branding keywords.

ol 13
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Overall project monitoring

Project Months

Create pilot keyword lists Monitoring of pilot keywords
(Partners developing pilots together with (in pilot countries)
comm. team) Maonthly measurement of keywords by ArgYou

Overall monitoring of project keywords

(in all partner countries)
Monthly measurement of keywords by Arg¥ou

Create project

keyword list
({Comm. team & ArgYou)

Additionally, a preliminary list of keywords will be measured in all partner countries (EM and local language) at M2, M24
and M44

Figure 2: Visualisation of the overall project keyword user-demand monitoring strategy

L 14
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5.2 Digital Impact Monitoring Preliminary Results

The “impact first” results of the first monitoring period are the base-line measurements for
analysing the user-demand for the predefined keywords in the ULTIMO project. It shows the
different average user search volumes in the different partner countries for the keyword
“horizon Europe ULTIMO” and for “ULTIMO partners”. These results are followed by the
keyword setup in Germany, Norway and Switzerland, where the pilots will take place. It can
be noticed that in Germany, the search volume for “Autonomous driving Busses” is
comparatively low, as it is more or less on the level as in Switzerland and Norway. An
explanation could be that Germans are using more German terms instead of English ones
when looking for autonomous driving busses, but this is not substantiated yet. All trends are
already positive for the topic which has been selected as a range of project related
keywords, even though the pilots have not yet been started except for some pre-tests in
Oslo.

. % 15
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Figure 3: Average search volume per channel per month in the countries of the project partners for the keyword “horizon europe ultimo”.
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Active Search for the Keyword "ULTIMO Partners" in ULTIMO Partner Countries
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Figure 4: Average search volume per channel per month in the countries of the project partners for the keyword “ULTIMO Partners”.
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Figure 5: Average search volume per channel per month in Germany for the keywords “Autonomous driving Busses”, “Autonomous Vehicles”, “horizon europe
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ultimo”, “ultimo horizon europe” and “ULTIMO Partners”.
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Figure 7: Average search volume per channel per month in Switzerland for the keywords “Autonomous driving Busses”, “Autonomous Vehicles”, “horizon europe
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6 Outcomes, Impacts and KPIs

ULTIMO has set out to achieve various outcomes and impacts. This chapter maps the KPIs to
the social, economic, environmental, technical/performance, and governance outcomes and
shows the progress made on the ambitious targets. However, as only in Oslo first pilots are
up and running at this stage of the project there is no data available yet. Thus, this first
version of the report on impact and KPl assessment concentrates on setting up the
framework with baselines and target values and the final version of the report will
incorporate the comprehensive assessment of ULTIMO’s impact and KPIs.

The following table provides an overview on the multidimensional outcomes and impacts
sought by ULTIMO, while in the subsequent chapters the target KPIs for the respective
dimensions including descriptions baselines and target values will be indicated. As many KPIs
are multidimensional, there will be multiple mentions of KPls. This means that if, for
example, a KPI is mapped to the social and economic dimension, it will be mentioned in
chapters 6.1 and 6.2. The baselines were defined mainly using the AVENUE, and SHOW
projects as sources, because only AVENUE? and SHOW? were able to collect real data from
passengers, users and service operation from real, concrete and regular public AV based,
on-demand transportation services, based on objective tangible information of real service
deployments. This way the opinions and data collected represent the real issues and are
based on real and measurable information regarding vehicle operation, costs, user
experience etc. As a result, AVENUE and SHOW represent the SoA in the evaluation of public
transportation performance, costs and passenger feedback, as they are the only real long
term deployments of AVs in Europe.

2 https://h2020-avenue.eu/public-delivrables/
8 https://show-project.eu/media/deliverables/

. % 21



D7.7 Impact and KPI assessment — First version

o

ULTIMO

c
o
‘@
c
)
E
o

ULTIMO Outcome / Impact

Optimisation of transportation times

Reduction of the Nr of accidents?

Increased overall user satisfaction and acceptance of the AVs in MaaS and Laa$ services

Increased trust of passengers/PTOs/Logistics service providers

Share effectively the knowledge generated under ULTIMO

Eliminating incompatibilities and inconsistencies in data transition, increasing the

'§ safety for passengers and road users, and also overcoming the problem of the
9 | customer “lock-in”

Estimated reduction of human borne errors (e.g. limit/signal violations)

Increased safety and efficiency in transport flows

Improvement of QoL by reducing time needed

Creation of new jobs opportunities; Reduction of unemployment rate

Reduction of the healthcare cost for the serious injured people from car accidents

PT and Logistics sectors directly beneficiated from ULTIMO solutions by the end of the

project (e.g. by low operating costs)

Increase the night-time deliveries (silent unloading) in the studied cities, by the end of

the project (this will increase parking availability in town centres, reduce traffic,

improve mobility, etc.)

Introduce economic viable cases for passengers and goods

New cross-sector business models

Create more standardised and integrated financial schemes and novel Business models
E for Maa$ and LaaS$ services across Europe
2 | Increase the use of dynamic chartering of AVs by non-PTO service providers by around
§ 2-4% in the studied cities, by the end of the project

Reduce operational costs for Logistic services (dynamic charting instead of buying an
AV, reduced fuels, don’t need a driver, etc.)

Increased income for the PTOs by the dynamic chartering of the AVs and the
partnerships created

Financial benefits due to safer and more efficient transportation of goods

Financial benefits from reducing fuel consumption as well as road maintenance costs

Reduction of GHG emissions due to the implementation of ULTIMO solutions
compared to existing conventional alternatives

4 Based on the current figures for transport accidents adapted to the deployment sites.
Switzerland: Swiss Federal Statistics Office, “Transport accidents - overview of all transport modes”,
https://www.bfs.admin.ch/bfs/en/home/statistics/mobility-transport/accidents-environmental-impact/transport-

accidents.assetdetail. 18064666.html
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Reduced of emissions and noise pollution by replacing traditional busses with electrical

©
g AVs and reducing the use of private cars and trucks
E Reduction of GHG emissions due to the implementation of ULTIMO solutions
w | compared to existing conventional alternatives
High use of the scientific discovery published (measured with the relative rate of
citation index of project publications), on issues relevant to multi-vendor and multi-
purpose automated transportation systems, etc.
9 Reach scientific community
& | Percentage of AVs travelling within the speed limit increased
g High quality performance requirements for environment perception systems with
E respect to different automation levels and ODDs
% Improved resolution for real time driving decision making
'_;EJ Fostering diffusion of knowledge and creation of synergies in EU towards promotion of
9 | AV-based CCAM for MaaS&LaasS services
" Support the development of large-scale system deployments by 2027 and beyond
Increased security in users interaction and data exchange
New and innovative components and technologies in CCAM field for L4 operating AVs
Improved innovation capacity
Cooperation with other EU activities
Introduce a holistic sustainable solution at high TRL level, in order for the post-project
8 | mass replication and market uptake
§ Create more standardised and integrated financial schemes and novel BMs for the PT
o transformation in the EU
8 Introduce to market a new, tested and validated AV-based CCAM transportation
system that work for people, improving competitiveness
Robust continuity at market shares
New collaborations with EU activities
Table 4: ULTIMO Outcomes and Impacts mapped to dimensions
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# KPI ‘ Description Baseline Target value
Value added services
proposed for Number of value added services proposed for
Al | individuals, retailers, individuals, retailers, freight transport 0 8
freight transport professionals
professionals
9
'SpeC|a.1I needs and Classification of types of impairments that are e .
A3 | inclusive passenger . 0 9" will only be realisable
. supported to use the ULTIMO service .
services for some user groups with a
suitable assistance service
A4 In-vehlclg . . Number of in-vehicle communication services minimum 1 >=1
communication services
In-vehicl
n-venicie passenger Number of in-vehicle passenger safety incident
A5 | safety services . 4 4
types that can be handled automatically
automated
. . . Ruter: 450 per day
N f t t
A7 | Reservation services seurzcl:aeesrfzr srsztitrl\:aas lons per day in reservation 0 TPG: 350 per day
DB: 250 per day
Proactive alternative . . . .
. . Number of proactive alternative itineraries
A8 | itineraries for 0 1
proposed to passengers
passengers
. . Ruter: 500
A13 Ia.c();:l (te:ffegement and L\leurzlcoeer ero:it;ecurrlng (>5-times) users per 0 TPG: 400
P P DB: 450
Al4 Modernization of city Number and density of flexible virtual pick-up 0 Ruter: 150 PUDOQS, and <2

stations

and drop-off locations per site

minutes to walk
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Baseline

Target value

TPG: not envisaged
DB: 75

(acceptable) Detour

Optimal ETE/ETA + 10

Al15 | . Detour time per ride n/a .
time minutes
Cost of ULTIMO services and comparable other Ruter: Max 2x current ticket
Cost competitiveness of | services . price
AL7 services Price for a ticket (passenger) for a certain ride Current prices for PT TPG: current ticket prices
Price for a freight delivery (unit cost) DB: current ticket prices
A19 | Know-how exchange Number of projects / EU initiatives with know- 0 -
how exchanges
Number of downloads of the technical brochure
A20 | Brochure downloads posted on the ULTIMO website 0 >75
A22 | Number of passengers Number of people transpc?rted thltoughout the 0 50000
project per automated vehicle/service type
1. It is not clear how
autonomous e-minibuses react
in unforeseen situations : 54%
agreement
Passenger satisfaction Average passenger satisfaction concerning 2. | would not fe.el seFure inan .
A29 concerning safety safety automated minibus in case of >70% increase
harassment and assault : 43%
agreement
3. The technology is not yet
ready to drive on public roads :
31% agreement
A30 | Vandalisms Number of incidents involving vandalism 0 <5
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Baseline

1. transports made with public

transportation 13 - 17%
(depending on region : urban,
rural) — (whereas private 38%

and soft mobility 54%)
2. Average daily distance :
total 25km, public transport

Target value

A31 | User acceptance User acceptance rate of ULTIMO solutions 3.8 t0 7.8 km (15-30%) >=20% increase
(depending region : rural to
urban)
3. Urban logistics night time
delivery : 85% user acceptance
for night reception (in
distribution box)
A33 | Number of accidents Number of accidents in ULTIMO 0 0
Total number of conflicts-near miss incidents. A
conflict is a critical traffic situation in which the
intervention of the safety driver modifies
Conflicts-Near miss vehicle's trajectory or behaviour preventing an
A34 incidents accident with other vehicle or person or an 25 conflicts /1000 km 10-20% reduction
extremely uncomfortable situations within the
vehicle. The total number of conflicts-near miss
incidents is recorded through the driver safety
report.
A35 X\s/er satisfaction with Average of user satisfaction n/a >90%
A36 | Night time deliveries Number of night-time (until 23:00) deliveries in 0 o1

deployment cities
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Baseline

Target value

A37

Passenger trust

Average user trust in ULTIMO solution

1. Willingness to use AVs :
Overall 63% acceptance and
trust to use AVs.

2. Willingness to reduce use of
private car (if it offers on-
demand service) : 58%

3. Willingness to pay to use
AVs (if it offers on-demand
services) : 36%

>90%

A38

Logistics services
provider trust

Average logistics services provider trust in

ULTIMO solution

1. Willingness to use AVs :
Overall 63% acceptance and
trust to use AVs.

2. Willingness to reduce use of
private car (if it offers on-
demand service) : 58%

3. Willingness to pay to use
AVs (if it offers on-demand
services) : 36%

>90%

A39

PTO trust

Average PTO trust in ULTIMO solution

1. Willingness to use AVs :
Overall 63% acceptance and
trust to use AVs.

2. Willingness to reduce use of
private car (if it offers on-
demand service) : 58%

3. Willingness to pay to use
AVs (if it offers on-demand
services) : 36%

>90%

A4l

On board safety driver

Rides/vehicles without an on-board
driver

safety

0

27




D7.7 Impact and KPI assessment — First version

Scientific publications

Description

Number of papers submitted to peer-reviewed

scientific publications

=

-

ULTIMO

Target value

>=15

Conference
presentations

Number of presentations held at conferences

>15

B2

Website

Number of website visits

1st year 500,
2nd year 1000,
3rd year 2000,
4th year 2500

B3

News feeds

Number of articles/news on project's and
partners' websites

1st year 10,
2nd year 15,
3rd year 20,
4th year 25

B4

Leaflet publications

Number of project leaflets created
Number of project leaflets distributed

1st year 1 produced, 500

distributed

2nd year 0 produced, 1000

distributed

3rd year 1 produced, 500

distributed

4th year 1 produced, 1000

Distributed

B5

E-newsletter

Number of newsletters sent out
Number of newsletter subscribers

1st year 1 sent, 60

subscribed

2nd year 2 sent, 100

subscribed

3rd year 2 sent, 150

subscribed

4th year 2 sent, 300

subscribed
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Target value

1st year 4/month,
2nd year 5/month,

B6 | Social media posts Number of social media posts 3rd year 8/month,
4th year 10/month,
Istyearl,
B7 | Videos Number of videos created 2nd year 0,
3rd year 1-3,
4th year 1
1st year 6,
BS | Attending events Number of events attended by ULTIMO 2nd year 15,
consortium partners 3rd year 25,
4th year 20
Y1: 4
. Number of events organised by ULTIMO Y2:6
B9 | Event organisation .
consortium partners Y3:6
Y4:8
Y1>2
B10 | Press releases Number of press releases Y2>1
Y3>3
Y4 >4
B11 | Citizen co-creation Number of participants for co-creation events 25 per site and event
c3 Acceptance by Number of handicapped users of ULTIMO 55

handicapped people

solutions
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Description Baseline Target value
I Number of languages the ULTIMO results are
C4 | Results availability . guag 0 4
translated in
. L Level of integration of the new AV into a Maa$S . .
C5 | AVintegration in Maa$S g 0 or 1, depending on test site® 3or4
network
Passenger security Average time it takes for help to arrive in case of . 6
Ccé6 . . 0 <5 min
reaction time harassment or assault
The passenger comfortability is based on the
analysis of vehicle's performance data. The GPS
data for speed is manipulated in order the Hard breakine events:
acceleration value to be calculated, in the case | Hard breaking events: 0.015%. 0.005%. The sim of th.e
that the specific sensor is not available. Based The sum of the ranges from ran. os fr:m Uncomfortable
Passenger on the absolute acceleration values the Uncomfortable until the g .
c7 0 . until the extremely
comfortability levels following classes as percentages are calculated: extremely uncomfortable uncomfortable less than
Comfortable, Little Uncomfortable, Fairly | 0.5% of the total acceleration 0.01% of the total
Uncomfortable, Uncomfortable, Very values ac.celeoration values
Uncomfortable, Extremely Uncomfortable and
Hard breaking event. This method has been
defined and verified in terms of SHOW project

Table 5: Social KPIs of ULTIMO

5 evaluation based on typology of Socher et al. (2018) https://doi.org/10.1016/j.rtbm.2018.12.003
Level O: no integration single, separate services)

Level 1: Integration of information (multimodal travel planner, price info)

Level 2: Integration of booking & payment (single trip - find, book and pay)

Level 3: Integration of the service offer (bundling/subscription, contracts etc.)

Level 4: Integration of societal goals (policies, incentives etc.)

8 This depends on the local policies and laws.

7 https://show-project.eu/
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6.2 Economic KPlIs

Description

=

-

Baseline

Target value

Value added services proposed | Number of value added services
Al | for individuals, retailers, proposed for individuals, retailers, freight 0 8
freight transport professionals | transport professionals
A2 Number of cargo units Number of cargo units transported 0 150
transported throughout the project and interest 300
A8 Proactive alternative Number of proactive alternative 0 1
itineraries for passengers itineraries proposed to passengers
new shuttle average average time to integrate a new type
A9 | . . . vehicle into the current fleet, once it has 1 to 2 month 10 days
integration time
the standard API
predictive maintenance and
A10 situation awareizne:ss for average time it takes to repair hardware 5> months 1 week
hardware repair time components
reduction
predictive maintenance and . .
A1l | situation awareness for 'average time it takes to resolve software 2-3 months 1 week
software repair time reduction 155U€s
Ruter: 15 min
A16 | AV dispatch time time between booking and vehicle arrival 30 min TPG: 30 min
DB: 30 min
Cost of ULTIMO services and comparable .
. Ruter: Max 2x current ticket
Cost competitiveness of other serwcgs . . price
Al7 . Price for a ticket (passenger) for a certain Current prices for PT . .
services ride TPG: current ticket prices
. . . . DB: current ticket prices
Price for a freight delivery (unit cost)
A18 | PTO costs Cost for the PTO per passenger per trip | Costs: based on the Geneva 530% reduction of cost

Cost for public transport for the

“traditional” public
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Description

Baseline

Target value

passenger per Km
Cost of driver in public transportation %
of total operation cost of a bus

Cost per passenger per km
Cost per shuttle per km

transportation
1. Cost for the PTO per
passenger per trip : 1.98 CHF
(where 1.20 CHF is public
subvention)

2. Cost for public transport for
the passenger: 0.22 CHF per
passenger per Km
3. Cost of driver in public
transportation: 40 to 64% of
total operation cost of a bus
Costs of AV deployment: based
on AVENUE evaluation D8.6
1. Cost per passenger per km :
average of 0.99 EUR
2. Cost per shuttle per km:
average 14.86 EUR

number of days of outages of operation

. 5700
A21 | Seamless full scale operation of the ULTIMO solution n/a 70%
Number of people transported
A22 | Number of passengers throughout the project per automated 0 50000
vehicle/service type
A23 | Logistics service use cases .number of use cases for logistics services 0 1 services
implemented 2 usecases
Dynamic chartering of AV by number of dynamic charterings of AVs by
A24 . . 0 >1
non-PTO non-PTO service providers
£ . .
225 | Road maintenance costs average cost. or road maintenance in 0 0
deployment sites
A30 | Vandalisms number of incidents involving vandalism 0 <5
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Description
average projected lifetime of AVs in the

Target value

A45 | AV lifetime deployment site fleets 6 years 12-15 years
i h h ic ch i f
A46 | PTO dynamic chartering :An\j;)me through dynamic chartering o n/a n/a
- for logisti - |
A47 | Operating costs of Logistics operating costs for logistics services (only n/a n/a

AV)

Table 6: Economic KPIs of ULTIMO
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Description Baseline Target value
Value added services proposed | Number of value added services proposed for
Al | for individuals, retailers, individuals, retailers, freight transport 0 8
freight transport professionals | professionals
A2 Number of cargo units Number of cargo units transported throughout the 0 150
transported project and interest 300
A36 | Night time deliveries l\!tj.mber of night-time deliveries in deployment 0 51
cities
A4S | AV lifetime Average pro_Jected lifetime of AVs in the 6 years 12-15 years
deployment site fleets
£ . .
A48 | Energy use nergy use per kilometre of a vehicle (g/km, J/km, 0.985 KWh/km reduction
or kWh/km)
CO2eq emissions of
A49 | Climate change GHG emissions status quo (current reduction
situation)
AS0 | Air pollution Em!ss!ons of air pollutants, PM levels, Nox, CO | Emissions of.statgs quo reduction
emissions (current situation)
2 | spare parts guarantee Time horizon in which the delivery of spare parts is 10 15-30 years
guaranteed

Table 7: Environmental KPIs of ULTIMO
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6.4 Technical/Performance KPIs

Value added services proposed

Description

Number of value added services proposed for

-

ULTIMO

Baseline

Target value

Al | for individuals, retailers, individuals, retailers, freight transport 0 8
freight transport professionals | professionals
In-vehicle communication . . . . .
A4 . Number of in-vehicle communication services minimum 1 >=1
services
AS In-vehicle passenger safety Number of in-vehicle passenger safety incident 4 4
services automated types that can be handled automatically
. Number of passenger transport service hours per
A6 | Service hours per day day P g P P 1 day per week 24h per day
. . . Ruter: 450 per day
. . Number of reservations per day in reservation
A7 | Reservation services . P y 0 TPG: 350 per day
services for shuttles
DB: 250 per day
A8 Proactive alternative Number of proactive alternative itineraries 0 1
itineraries for passengers proposed to passengers
New shuttle average Average time to integrate a new type vehicle into
A9 | . . . & 8 g ) vp 1to 2 month 10 days
integration time the current fleet, once it has the standard API
Predictive maintenance and
ituation reness for Aver time it tak to repair har r
A10 situation awa (? gss o} verage time it takes to repai ardware 5 months 1 week
hardware repair time components
reduction
Predictive maintenance and
Al11 | situation awareness for Average time it takes to resolve software issues 2-3 months 1 week
software repair time reduction
Ruter: 150 PUDOS
o . . Number and density of flexible virtual pick-up and . ’
A14 | Modernization of city stations ! "y xible Virtual pick-up 0 and <2 minutes to

drop-off locations per site

walk
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-
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Baseline

Target value

TPG: not envisaged

DB: 75
imal ETE/ETA + 1
A15 | (acceptable) Detour time Detour time per ride n/a Optima . / 0
minutes
Ruter: 15 min
A16 | AV dispatch time Time between booking and vehicle arrival 30 min TPG: 30 min
DB: 30 min
Ruter: Max 2x
Cost of ULTIMO services and comparable other current ticket price
A17 Cost- competitiveness of se.rV|ces . o Current prices for PT TPG: current ticket
services Price for a ticket (passenger) for a certain ride prices
Price for a freight delivery (unit cost) DB: current ticket
prices
. Number of days of outages of operation of the o
A21 | Seamless full scale operation ULTIMO solution n/a >70%
Numb f le t ted th hout th
A22 | Number of passengers ur.n er of peopie ransF)or e . roughou € 0 50000
project per automated vehicle/service type
L . Number of use cases for logistics services 1 services
A23 | Logistics service use cases . 0
implemented 2 use cases
dynamic chartering of AV by Number of dynamic charterings of AVs by non-PTO
A24 . . 0 >1
non-PTO service providers
225 | Road maintenance costs gl/ssrage cost for road maintenance in deployment 0 0
A26 | Predictive model accuracy Estimated accuracy of predictive model 0.75 >85%
A27 Scheduling coordination (AV Delay time of AVs 0 >5% improvement
on demand)
A28 | Al event detection reliability Percentage of reliability of Al for event detection 0.75 585%

compared to human classification (baseline data)
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Description

Average transportation time in ULTIMO relative to

-

ULTIMO

Baseline

Target value

A32 | Transportation time average transportation time before ULTIMO 0 15% reduction
A33 | Number of accidents Number of accidents in ULTIMO 0 0
Total number of conflicts-near miss incidents. A
conflict is a critical traffic situation in which the
intervention of the safety driver modifies vehicle's
A34 | Conflicts-Near miss incidents trfajectory or b(.ahawour preventing an accident 25 conflicts /1000 km 10-20% reduction
with other vehicle or person or an extremely
uncomfortable situations within the vehicle. The
total number of conflicts-near miss incidents is
recorded through the driver safety report.
DB: 60 km/h
A40 | Top speed of AVs Top speed reached by fastest AV deployed 20-25 km/h Oslo: 80 km/h
TPG: 90 km/h
A44 | Cyber-attack impact Number of cyber-attacks and hours of downtime n/a 0
due to cyber attacks
A4S | AV lifetime average pro.jected lifetime of AVs in the 6 years 12-15 years
deployment site fleets
Ruter: 22 km/h Ruter: 22 km/h
Average travel speed Same es current
B1 | Average speed Average speed of pilot vehicles in cities (with traditional public | fleets of driver based
transport means) : busses = 18 to 20
9.4km/h km/h
94.6% (Ruter)
C1 | High density mapping (RSD) RSD coverage in pilot network 0 100% of the route
that is driven (Gama)
C2 | Spare parts guarantee Time horizon in which the delivery of spare parts is 10 15-30 years
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Description Baseline Target value
guaranteed
Number of languages the ULTIMO results are
c4 I . 0 4
Results availability translated in
L . - . 1 .
C5 | AV integration in Maas evel of integration of the new AV into a MaaS | 0or 1, depending on 3ora

network

test site

C7 | Passenger comfortability levels

The passenger comfortability is based on the
analysis of vehicle's performance data. The GPS
data for speed is manipulated in order the
acceleration value to be calculated, in the case
that the specific sensor is not available. Based on
the absolute acceleration values the following
classes as  percentages are calculated:
Comfortable, Little  Uncomfortable, Fairly
Uncomfortable, Uncomfortable, Very
Uncomfortable, Extremely Uncomfortable and
Hard breaking event. This method has been
defined and verified in terms of SHOW? project

Hard breaking events:
0.015%. The sum of the
ranges from
Uncomfortable until
the extremely
uncomfortable 0.5% of
the total acceleration
values

Hard breaking
events: 0.005%. The
sum of the ranges
from Uncomfortable
until the extremely
uncomfortable less
than 0.01% of the
total acceleration
values

Table 8: Technical/Performance KPIs of ULTIMO

8 https://show-project.eu/
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6.5 Governance KPls

Description Baseline Target value

Al12 Nationwide expansion within Number of PTOs using AVs in Germany 25 (Level 2-3) 10 PTA/PTO's in
Germany Germany
Ruter: 150 PUDOS,
and <2 minutes to
Numb d density of flexible virtual pick- d
Al14 | Modernization of city stations druom-oef; Iaoncatisr?sSI erositeeXI € virtual pick-up an 0 walk
P P TPG: not envisaged
DB: 75
. average cost for road maintenance in deployment 9
A25 | Road maintenance costs sites 0 n/a
A26 | Predictive model accuracy estimated accuracy of predictive model 0.75 >85%
A41 | on board safety driver rides/vehicles without an on-board safety driver 0 1
C5 | AV integration in Maa$ level of integration of the new AV into a MaaS | Oorl, dep.entlicl)ng on Jord
network test site

Table 9: Governance KPIs of ULTIMO

9 The estimated value will be available in a report from WP6

10 evaluation based on typology of Socher et al. (2018) https://doi.org/10.1016/j.rtbm.2018.12.003
Level O: no integration single, separate services)

Level 1: Integration of information (multimodal travel planner, price info)

Level 2: Integration of booking & payment (single trip - find, book and pay)

Level 3: Integration of the service offer (bundling/subscription, contracts etc.)

Level 4: Integration of societal goals (policies, incentives etc.)

10 This depends on the local policies and laws.
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7 Conclusions and Next Steps

KPI assessment is a critical process for each partner, for all work packages and tasks and for
ULTIMO project as a whole. The key findings are that it sometimes takes a long to find an
agreeable figure/measure. As in innovative projects like ULTIMO there are usually no
baseline figures/values available or they are just zero=0, this means defining target values
can be particularly challenging and needs extensive discussions. As one simple explanatory
case we can describe the KPIs A40 and B1, the average and maximum speed of the future AV
shuttles, to illustrate the challenges involved in KPI assessment: The discussion about the
speed of an AV went from discussions on rather high top speed to discussions on average
speed in cities. The differences varied between targets for top speed of 20 to 25 km/h (as in
early trials) up to a rather ideal (wishful) speed of 60 to 120 km/h for top speed. Also, a
discussion on the baseline for average speed in the populated city center varies between 9.4
km/h and 18-20 km/h. The target value for average speed of pilot vehicles in cities is finally
set to 22 km/h for Ruter, and to 18-20 km/h for the other sites, corresponding to the
Average speed KPI B1. Due to considerable differences between the pilot sites for the Top
speed of AVs KPI A40, target values needed to be fixed per site: DB: 60km/h; Ruter:
80km/h, and TPG: 90km/h. For an acceptable service, ULTIMO will need to make sure that
the trip made by AVs is not slower than if it would had been made by a driver-based vehicle.
Today the maximum speed of driver-based busses is 80 km/h, and the average speed limits
in the city can vary from 30 to 50km/h (depending if it is in urban or sub-urban
environment). At the same time each site has different requirements: for example, in Oslo,
the vehicles would need to go to the highway, so a minimum speed of 60 km/h is
compulsory. This is not the case for the other sites, which operate in an urban environment
and where the maximum speed does not exceed 70 km/h also largely depending on the local
traffic laws and regulations.

The KPIs in ULTIMO for the project and the work done in the project can be assessed
internally on a solid ground. However, there will be many external influencing factors,
which are out of reach of the project teams like dynamic environmental, political, legal,
technological factors which may have an influence on the KPI result. The final impact and KPI
assessment will assess and where not possible describe them in the final report.

KPIs are set and agreed on at the beginning of the process and assessed towards the end of
the project. The ranking for example according to the stakeholder benefits (Citizen, PTO,
PTA, OEM) or categorization of KPIs within the AV as MaaS and LaaS ecosystem dimensions
and comparisons among the existing predefined KPIs is always possible, whereas the KPI list
is frozen and cannot be modified anymore after the deliverable is submitted. Nevertheless,
the list will serve as an accompanying guide throughout the ULTIMO project. For KPls which
cannot be measured and KPI targets which cannot be reached for various internal or external
reasons, the influencing factors or causes will be discussed and explained ongoing during the
project and will be summarized in the final reports. The KPIl assessment team of ArgYou will
start in early summer 2026 to collect available KPl measures and report big variations where
discovered. They will be integrated in the data model and it will serve as a basis for the
overall evaluation of the project. The final impact and KPI assessment report is due end of
September 2026. The final report will explain how each stakeholder group benefits from the
project outcomes. It will compare/benchmark outcomes with earlier AV projects and their
previous KPI setups.

17 40
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Annex

Full list of KPIs with descriptions, calculation methods, comments and guidelines, examples, excerpts from proposal, baselines, and target values

for reference.

KPI
Iden
tifier

Priorit

Yy
(High/
Mediu
m/Low

)

Environmental

Governance

Description

Calculation
Method

Comments and Guidelines

from reports on newly developed services that

Example

Excerpts from Proposal

Baseline

Target
value

are implemented 2 services
dressi .
value added . . a ress'lng 1) Develop value-added services
. the value proposed can be in the vehicles security L
services . ) R . that have a positive impact on
. in vehicle services to address secury and safety 1 service . .
proposed for Number of value added services issures: adressin quality of life and the
Al High individuals, proposed for individuals, retailers, counting ! Maas 3 environment, and are aimed at 0 8
retailers, freight | freight transport professionals . - . . 5 three distinct target audiences:
Citzen centricity: from the application: integration L .
transport . . N X a) Individuals b) Retailers c)
X is the service integrated in a Maa$; 1 service X .
professionals X Freight transport professionals
on -demand; addressing
LaaS
integration of LaaS$ service for the PTO
ER#14: Large scale AV trials of
Number .Of To be collected during implementation mtegrate@ Ma.as and Laas
cargo unit . . services in 3 sites across Europe
1. Number of cargo units transported (1 unit = 1 . L
transported allet size) - independant of the loadin (City & District of Herford,
A2 Low Number of cargo | Number of cargo units transported Number of Emitation of an A’\)/ J 400 Geneva & Oslo) with ~45 AVs 0 150
units transported | throughout the project and interest attempts to ’ 800 overall, for 12-36 months of 300

book vehicles
for logistics
purposes

2. Number of attempts to book vehicles for
logistics purposes - base on resquests made by
actors on a dedicated booking platform

seamless operation aiming to
transport more than 50.000
passengers and 100.000 freight
units.
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KPI
Iden
tifier

A3

Priorit

Yy
(High/
Mediu
m/Low

)

High

Environmental

Governance

special needs
and inclusive
passenger
services

Description

Classification of types of impairments
that are supported to use the ULTIMO
service

Calculation
Method

observation

Comments and Guidelines

from reports on newly developed services that
are implemented
the types of special needs persons we can serve :

We consider the following impairment categories
for Ultimo On Demand Services (persons with
multiple impairments are not considered) :

- without vision

- with impaired vision

- without colour perception

- without hearing

- with impaired hearing

- with no or limited speech

- with limited handling or strength

- with limited reach

- with limited cognitive, language or learning
abilities

Depending on the impairment, aids such as
wheelchairs, rollators, white canes, crutches or
guide dogs are used.

The aim is to enable independent use of Ultimo
On Demand Services (without assistance) in
driverless operation. However, assistance
services are currently required for safe transport,
as there are still no standardised fixations for
wheelchairs that are approved for use in public
transport, for example. The assistance services
are offered as transitional services to bridge any
shortcomings.

Corresponding Ultimo services are offered for
the assistance services mentioned until they can
be replaced by standardised standard solutions.
With suitable training and individual training
units for the different groups of people, the
essential services in driverless operation will be
accessible to experienced travellers (partly with
assistance solutions) within the project
framework, even if the level of comfort will
certainly still need to be greatly improved.

Example

We will have a
vehicle in our
fleet of on-
demand
vehicles
dedicated for
special needs
transport.

Excerpts from Proposal

4) Introduce special needs and
inclusive passengers’ services;

Baseline

Target
value

9

"9" will only
be
realisable
for some
user groups
with a
suitable
assistance
service

Ad

Mediu

in-vehicle
communication
services

Number of in-vehicle communication
services

counting

from reports on newly developed services that
are implemented

Communicatio
n with a
supervision
centre should
be atcheived

5) In-vehicle communication
and services for user acceptance
(like messages for passengers
showing anxiety);

minimum
1

>=1
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in-vehicle

Number of in-vehicle passenger safety

from reports on newly developed services that
are implemented
No specific number. It will depend of the user

6) in-vehicle passenger safety
and incident discouraging

Medi assenger safet L . - . Aggression, services (emergency stop, door
A5 u P . 5 Y | incident types that can be handled counting needs and feedback. We need to identify the . gg. ! I ( g y . B 4 4
m services X _ ) incident, ... locking, save haven itinerary,
automatically incident types that public transport operators . .
automated passenger behavior analysis
have today and see how many we can handle -y
automatically. i
. . . 7) PT services 24/7 with stron
Mediu service hours per | Number of passenger transport service . . . ) / & 1 day per
A6 counting from reports on services that are implemented guarantees for passenger (and 24h per day
m day hours per day X week
vehicle!) safety
Reservation services for
individual passengers as well as
data to be collected on the service tool reservation services for large Ruter: 450
this an option to be implemented in the fleet d Increase in groups (like school classes), as or (‘ia
. . . reservation service and coordinated with fleet reservation well as the vehicle follow-up. (. P v
. reservation number of reservations per day in . X i . . TPG: 350
A7 High . . . counting orchestaion, where for example large grops will numbers These type of services will allow 0
services reservation services for shuttles . . o G — per day
need 3 buses in a short of convy service. Similarly would be a the responsible “guardians” of
. . R . . X DB: 250 per
to implement on-need based sending vehicle, huge plus. kids or elderly with mild da
that has an in-vehcielc opertor. cognition problems, to safely V/
take the bus and reach their
destination)
Test proactive alternative
itineraries to passengers, in the
data to be collected on the service tool Can be tested, | cases of complex bus changes to
. The trip reservation will propose different but | am not reach a destination. The TPG
proactive ! . ) ] . . X
. . . options. This is a functionality we will offer, the sure we have | central service will be able to
alternative Number of proactive alternative . . " " .
A8 Low " X " X counting passegfer will choose. So we "simply" enumarate many propose to a registered 0 1
itineraries for itineraries proposed to passengers . . : ’
the number of times a different options are alternatives passenger to change and take
passengers . . ) N
offered (not always p[ossible), improvement of avaialble an automated vehicle at the
time and how many times the user choose what. today... next stop, which will shorten his
travel time, without the
passenger having asked for it.
2) Quickly integrate new
new shuttle average time to integrate a new type shuttles in the current fleet,
Mediu . € . € yp. despite the fact that they are 1to2
A9 average vehicle into the current fleet, once it measurement | data collected by PTOs 15 days . 10 days
m X . . from different manufacturers, month
integration time | has the standard API .
(saving resources, money and
time)
redictive i .
> ) 3) Predictive maintenance and
maintenance and : R .
" L N . situation awareness services,
Mediu situation average time it takes to repair . . data collected by PTOs R .
Al0 estimation . . . . allowing the operation at the 2 months 1 week
m awareness for hardware components data collection and estimation of repair time .
. back end to act pro-actively or
hardware repair early enough
time reduction v E
All | Mediu predictive average time it takes to resolve estimation data collected by PTOs 3) Predictive maintenance and 2-3 1 week
* X %
* *
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m maintenance and | software issues data collection and estimation of repair time situation awareness services, months
situation allowing the operation at the
awareness for back end to act pro-actively or
software repair early enough
time reduction
4) New business models the
ULTIMO presents that are in line
with an important milestone in
nationwide . DB Regio Bus' strategy for 10
data collected by DB Regio Bus 25 (Level
Al2 | Low expansion within | Number of PTOs using AVs in Germany | counting theoretical study gloBu automated driving in public 2(_3)\’ PTA/PTO's
Germany v transport: an economically in Germany
robust system will accelerate
the nationwide expansion
within Germany
local L 6 e (S e data collected by PTOs 2) Local engagement and Ruter: 500
A13 | High engagement and R . J counting theoretical study of local authroities and acceptance of new technology- 0 TPG: 400
per service per site . .
acceptance promises based services; DB: 450
Ruter: 150
data collected by PTOs . . . PUDOS, and
L . 4) Continuous spatial planning R
- . . . this will be a recommendation and cost - . <2 minutes
. modernization of | Number and density of flexible virtual . . . . . and modernization of city
Al4 | High . . . . R counting estimation. Number of virtual stops and density . ! . 0 to walk
city stations pick-up and drop-off locations per site R . stations, and flexible virtual
(that will be higher than current bus stop . . TPG: not
. pick-up and drop-off locations; X
density) envisaged
DB: 75
<5 min .
(acceptable) data collected by PTOs compared to | 5) Acceptable detour time for Oppilive]
A15 | High R detour time per ride measurement . . . . R n/a ETE/ETA +
detour time this is to be defined by the users in survey's optimal users; 10 minut
ETE/ETA minutes
repqrts by PTOs ) ) Ruter: 15
. . . this is the case today. We are interested in the . . . .
. . . time between booking and vehicle . X 6) AVs will be dispatched in near . min
Al6 | High AV dispatch time . measurement | delay to have the vehicle arrive. Depends on ara . 30 min .
arrival R X real time; TPG: 30 min
size and fleet size. It should be less than the DB: 30 min
current time plan based time between buses. )
Ruter: Max
Cost of ULTIMO services and ?x curre-nt
cost comparable other services current e S
. " . . . . check for the Benchmark ? Private car, taxi, . . . TPG:
Al17 | High competitiveness | Price for a ticket (passenger) for a Observation - R 9) Cost competitive services prices for
. L existing public transport current
of services certain ride PT . .
Price for a freight delivery (unit cost) (e s
DB: current
ticket prices
* X %
* *
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Baseline

Target
value

Cost for the PTO per passenger per trip Costs
Cost for public transport for the based on
passer;ger per Km . . the S30%
G Cost of driver in public transportation . 1.9: Reduction of cost for Geneva .
Al18 | Low X A PTO costs o R A ST calculation data collected by PTOs PTOS:>30% (Sc) “tradition reduction
al” public i ek
Cost per passenger per km transport
Cost per shuttle per km ation!!
. T . substantial exchanges, workshops, meetings, 6.2: Exchange of know-how with
A19 | High | LR aunitoer Gl (Eraeas ) ENda s s counting documents shared from the executive board 5 other EU initiatives and relevant 0 >=5
A | exchange know-how exchanges . e . .
with other initiatives/projects projects: at least 5. (Sc)
6 | brochure number of downloads of the technical <+ Technical project brochure
A20 | Low brochure posted on the ULTIMO counting 85 downloads: <25 = poor; 25-75 = 0 >75
A | downloads .
website good; >75 = excellent
ER#14: Large scale AV trials of
integrated Maa$ and Laa$
services in 3 sites across Europe
(City & District of Herford,
. G | seamless full number of days of outages of operation . Geneva & Oslo) with ~45 AVs
2 it X X A | scale operation of the ULTIMO solution counting hewlmenyottacss 2 overall, for 12-36 months of e PUTEE
seamless operation aiming to
transport more than 50.000
passengers and 100.000 freight
units.

11 Costs: based on the Geneva “traditional” public transportation

1. Cost for the PTO per passenger per trip : 1.98 CHF (where 1.20 CHF is public subvention)
2. Cost for public transport for the passenger: 0.22 CHF per passenger per Km

3. Cost of driver in public transportation: 40 to 64% of total operation cost of a bus

Costs of AV deployment: based on AVENUE evaluation D8.6

1. Cost per passenger per km : average of 0.99 EUR

2. Cost per shuttle per km : average 14.86 EUR
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Number of people transported

ER#14: Large scale AV trials of
integrated Maa$ and Laa$
services in 3 sites across Europe
(City & District of Herford,

A22 | High G | Number of eI e e per enieERes) | @G Count per yehlcle at pilot site level. Can a.Iso be 45000 Geneva & Oslo) with ~45 AVs 0 50000
A | passengers . . reported via the monthly reports of the sites overall, for 12-36 months of
vehicle/service type X L
seamless operation aiming to
transport more than 50.000
passengers and 100.000 freight
units.
2 potential services identified :
- Urban logistics service extension (OVO uses AVs
in it's operations)
- Standalone urban logistics service (Any
organisation uses AVs in it's operations and
requests an AV through a digital booking
platform) 2) Deployment of innovative
counting the logistics services using AV
number of 6 potential uses cases identified : excess capacity from the TPG, as
A23 | Low G | logistics service number of use cases for logistics services and - Click and AV for wholesalers 2 it includes households, local 0 1 services
A | use cases services implemented use cases - City Intralogistics for PoP, between PoP and PoS 4 small shops and bigger agro- 2 use cases
tested - City Logistics inventories between inventories industrial enterprises, with high
successfully from PoS needs local urban logistics and
- Multi-modal city logistics, supplying Nano-hubs transport deliveries
and moving Nano-hubs (AV-hubs)
- Suppliers automatic pick-up; on demand to
deliver customers or planned from PoP to
warehouse
- Delivery to or from Logistic concierge service
for eco-neighborhoods
zs:;k;firc(’f EO#23: Increase the use of
. dynamic . . . dynamic chartering of AVs by
A24 Mz S chartering of AV IS dynamlc charFer|ngs el AYE EEEES Cl reported by TPG/OVO non-PTO service providers by 0 >1
m A by non-PTO service providers AVs by non- X R
by non-PTO . around 2-4% in the studied
PTO service L .
. cities, by the end of the project
providers
G road average cost for road maintenance in EIfi19: Financial benefits from
A25 Low maintenance g R estimation report WP6 reducing fuel consumption as 0 0
A deployment sites X
costs well as road maintenance costs
A26 Mz 8 || preEhEve meet estimated accuracy of predictive model | observation 85% 12 E.stl‘mated accuracy of 0.75 >85%
m A | accuracy predictive model: >90% (Sc)
. scheduling D'fferef‘t values to observe: 4.1: Improvement of scheduling >5%
Mediu G L . Delay time L RN .
A27 coordination (AV | Delay time of AVs measurement . . . coordination optimisation: 5- 0 improveme
m A Chance of routing during on booking and on the
on demand) - 10%. (Sc) nt
*
* *
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observation
[reliability of I
5.2:P t f reliability of
Mediu Al event Percentage of reliability of Al for event | Al in event Al forirvc::t deiel::tirjr:a ity o
A28 detection detection compared to human detection]/[ba 0.15 0.75 >85%
m - P ik . compared to human
reliability classification (baseline data) seline classification: 20%. (S¢)
data]*100 - i
100
S:;Z‘:i?;n average passenger satisfaction 1L{5% [METEEE O RESEngErs See >70%
A29 | High R g .p 8 survey 80% satisfaction concerning safety: footnote . ?
concerning concerning safety increase
>70% (Sc) 12
safety
3.5: Decrease in number of
A30 | Low Vandalisms numbe-r of incidents involving SRR RemaTies (e ey etk 6 frauds ‘and |nC|dent§ as <
vandalism vandalisms, health issues etc. :
>30% (Sc)
number of users, and increasing numbers durin 55 Usar EleepiieR (s et
. user acceptance rate of ULTIMO . ’ .- € . g public acceptance of the >=20%
A31 | High user acceptance . survey the operation. Comparision of starting day 80% . . . A
solutions solutions increased by 20%. (Si, increase
numbers to last day numbers of users. s0)
[average
transportation
I time . N
(rEEEETEE Aver?ge transportation time |n‘ULT!MO ULTIMO]/[ave . EO#4: Optlr'msat.lon of 15%
A32 Low . relative to average transportation time reports from PTOs 15 min transportation times (~15% 0 .
time rage . reduction
before ULTIMO . reduction)
transportation
time before
ULTIMO]
number of e Accidents can be reported via reports: EO#5: Reduction of the Nr of
A33 High . number of accidents in ULTIMO . 1. number of accidents 10 accidents: 10% (20%) on 0 0
accidents ounting .
2. Type of accident average
12 1 1t is not clear how autonomous e-minibuses react in unforeseen situations : 54% agreement
2. I would not feel secure in an automated minibus in case of harassment and assault : 43% agreement
3. The technology is not yet ready to drive on public roads : 31% agreement
1. transports made with public transportation 13 - 17% (depending on region : urban, rural) — (whereas private 38% and soft mobility 54%)
2. Average daily distance : total 25km, public transport 3.8 to 7.8 km (15-30%) (depending region : rural to urban)
3. Urban logistics night time delivery : 85% user acceptance for night reception (in distribution box)
* ¥ %
* *
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Total number of conflicts-near miss
incidents. A conflict is a critical traffic
situation in which the intervention of
the safety driver modifies vehicle's

Calculation
Method

Comments and Guidelines

Example

Excerpts from Proposal

Baseline

Target
value

service providers: > 90%

14

6 | conflicts-Near trajectory or behavior preventing an EO#7: Reduction of the Nr of 25 10-20%
A34 | High L accident with other vehicle or person estimation Conflicts can be reported via reports 50 critical situations on an average | conflicts 5
A [ miss incidents reduction
or an extremely uncomfortable day: 10-20% /1000 km
situations within the vehicle. The total
number of conflicts-near miss incidents
is recorded through the driver safety
report.
EO#10: Increased overall user
A35 | High 2 3;:; ;a\;lsfactlon average of user satisfaction survey 80% ::25:3?;:r:\::adsaac:;?:aagce el n/a >90%
services: > 90%
EO#12: Increase the night-time
deliveries (silent unloading) by
around 2-3% in the studied
236 | Low G night ti.me nurrnbe.r of night-time (untiI.23:00) e sl GUEr e s 2 citi.es, |i>y4the end of thfe project 0 51
A | deliveries deliveries in deployment cities (this will increase parking
availability in town centres,
reduce traffic, improve mobility,
etc.)
s 77% EO#14: Increased trust of See
A37 | High passenger trust Average user trust in ULTIMO solution Survey passengers/PTOs/Logistics footnote >90%
A acceptance R .
service providers: > 90% 13
A38 | low G | logistics services | Average logistics services provider trust S 77% Eg:s]é‘:\g:;;e:;gg /:.I:gsitsic:,if:s foostenzte 590%
A | provider trust in ULTIMO solution acceptance

13, Willingness to use AVs : Overall 63% acceptance and trust to use AVs.

2. Willingness to reduce use of private car (if it offers on-demand service) : 58%
3. Willingness to pay to use AVs (if it offers on-demand services) : 36%

14 1. willingness to use AVs : Overall 63% acceptance and trust to use AVs.

2. Willingness to reduce use of private car (if it offers on-demand service) : 58%
3. Willingness to pay to use AVs (if it offers on-demand services) : 36%
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A | publications

reviewed scientific publications

dissemination tracker

8 = good, >8 = excellent <
Number of conference
presentations: <4 = poor, 4-8 =
good, >8 = excellent

mediu s 77% EO#14: Increased trust of See
A39 PTO trust Average PTO trust in ULTIMO solution Survey ? passengers/PTOs/Logistics footnote >90%
m A acceptance . .
service providers: > 90% 15
6. It will deploy and assess in DB: 60
real traffic its services km/h
. G top speed reached by fastest AV progressively..., ..with operating 20-25 Oslo: 80
A40 | High X A Top speed of Avs o measurement 50 km/h B e N
ranging from 18 to 60 km/h (at TPG: 90
specific sites)... km/h
[number of
rides without 3. It will aim to minimise or
f i hicl ith -
A41 | High i Z::;ard R4 gﬁ‘eei/vjri:/‘;:s TG R safety 80% even annihilate the role of the 0 1
¥ driver]/[numb safety driver on-board...
er of rides]
« Open Access to peer-
reviewed scientific publications
will be provided. <+ Number of
Ad2 | High G | scientific number of papers submitted to peer- T submitted papers are tracked by the 5 papers submitted: <4 = poor, 4- 0 >=15

15 1. willingness to use AVs : Overall 63% acceptance and trust to use AVS.
2. Willingness to reduce use of private car (if it offers on-demand service) : 58%
3. Willingness to pay to use AVs (if it offers on-demand services) : 36%
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< Open Access to peer-
reviewed scientific publications
will be provided. < Number of
) G fi ber of tations held at . i i<h = -
A43 | High con erenc'e LM ENOTPIEsENtaHONSECS counting reports from UITP 8 PEPED Stk < p:)or, & 0 >15
A | presentations conferences 8 =good, >8 = excellent
Number of conference
presentations: <4 = poor, 4-8 =
good, >8 = excellent
Mediu G | cyber attack number of cyberattacks and hours of . reports for cyber attacks 3.8: Reduction of financial
Ad4 X i observation , : n/a 0
m A | impact downtime due to cyber attacks (don't forget regular backups) losses due to cyber attacks (Si)
A5 Mediu G AV lifetime average projeFted lifetime of AVs in the estimation analysis on reparability (cost of changing battery, 12 years ER#15: Extend the AV lifetime Bees 12-15 years
m A deployment site fleets etc) (from 6 to 12-15 years)
dynamic chartering = on demand logistics EO#25: Increased income for
. G | PTO dynamic income through dynamic chartering of . . services the PTOs by the dynamic
KB || g A | chartering AVs CEEEE report and estimation. We more see reduction of chartering of the AVs and the n/a i
costs partnerships created
. . L . . ; EI#18: Financial benefits due to
. G | operating costs operating costs for logistics services . . report based on estimations of costs and current .
A47 | high . estimation safer and more efficient n/a n/a
A | of Logistics (only AV) costs per passenger. .
transportation of goods
Fuel consumption for ICE vehicles normalized
theoretical over distance travelled. For electric vehicles
Iculati jon in J/k kWh/km i EI#19: Fi ial fits f
Mediu G Energy use per kilometre of a vehicle ca cu‘atlon & battery consumptlpn inJ/ -m or /km is 9' inancial bene |ts. rom 0.985 ‘
A48 Energy use test site necessary, otherwise provide battery reducing fuel consumption as reduction
m A (g/km, J/km, or kWh/km) ’ L . kWh/km
measurement | consumption percentage and battery capacity in well as road maintenance costs
? Wh(or kWh) or J. Battery consumption
percentage alone is not sufficient
. . . CO2eq
LCA (Life Cycle The functional unit of the LCA is one pkm (= El#?oj Reduction of GHG emissions
G Ao assenger kilometres, a metric of transport CEenS AR i e of status
A49 | High Climate change GHG emissions results in p - g L P . implementation of ULTIMO reduction
A activity: when a single passenger travels a single i e quo
CO2eq (CO2 . ; solutions compared to existing
R kilometre, the result is 1 pkm of travel) . X (current
equivalents) conventional alternatives . X
situation)
LCA (Life Cycle | The automated shuttle is a BEV, and during the
Assessment) use phase, BEVs have zero exhaust emissions,
that measures | e.g. NOx and PM (European Environment
air pollutant Agency, 2018). However, BEVs emit PM locally
emissions (e.g. | from road, tyre and brake wear, like other motor EO#13: Reduced of emissions emissions
Mediu G . ' axmisians afal paliuasis, 5 e, PM10, PM2,5, vehic'lejs FEuropean Environment Age!ﬁcy, 2018). and 'nf)ise pollution ?y replaci'ng of status .
A50 Air pollution - NOx, from And it is important to mention that air pollutant traditional busses with electrical quo reduction
m A Nox, CO emissions L - .
exhaust and emissions from BEVs occur for the electricity AVs and reducing the use of (current
non-exhaust generation to charge BEV batteries and also from private cars and trucks situation)
and the production and enf-of-life phase.
throughout Nonetheless, the emissions from power stations
entire life tend to occur in less densely populated areas,
cycle) provoking less human exposure to air pollution
* X %
* *
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than in urban areas (ibid). At the same time, the
local emissions from combustion engine vehicles
in cities provokes greater human exposure and
potential health harm.
Ruter: 22| g ter: 22
km/h
Average L)
N travegl Same es
o avg_speed = Observations from 3 seconds before the EO#15: Percentage of AVs speed current
B1 High X n- | Average speed Average speed of pilot vehicles in cities | mean(vehicle_ | scheduled stop until 8 seconds after should be 15 km/h travelling within the speed limit P . fleets of
. . (with R
G speed) excluded (see document provided by TNO) increased by 10%. . driver
traditiona
A I oublic based
trapns - busses = 18
P to 20 km/h
means) :
9.4km/h
1st year
N 500,
o 2nd year
B2 High n- | Website number of website visits cour?tlng/obse the visits are tracked 500 visits - 0 Tolw,
G rvation 3rd year
A 2000,
4th year
2500
N 1st year 10,
° number of articles/news on project's tracked via the communication / dissemination 10 2ndyeay
B3 High n- | News feeds \ X proj counting . - 0 15,
and partners' websites tracker articles/news
G 3rd year 20,
A 4th year 25
1styear1
produced,
500
distributed
2nd year 0
N produced,
o There are 3 leaflets produced, 1 in the 1st year, 1 2 produced 1000
. leaflet number of project leaflets created . in the 3rd year, 1 in the 4th year. The number of P distributed
B4 High n- L ! L counting L . 1000 - 0
s publications number of project leaflets distributed leaflets distributed is thus related to the current distributed 3rd year 1
A leaflet in use produced,
500
distributed
4th year 1
produced,
1000
Distributed

52



D7.7 Impact and KPI assessment — First version

.))

ﬁ.
‘ﬁ’O
oo |,

o

ULTIMO

Priorit =
y i <
Lot (High/ g & Calculation Target
Iden 8 8 < £ Description Comments and Guidelines Example Excerpts from Proposal Baseline g
tifier Mediu g g Method value
m/Low 3 8
) w
1styear1
sent, 60
subscribed
N 2nd year 2
sent, 100
® 2 newsletters N
. number of newsletters sent out . subscribed
B5 High n- | e-newsletter i counting reported by UITP sent - 0
number of newsletter subscribers . 3rd year 2
G 70 subscribers
A sent, 150
subscribed
4th year 2
sent, 300
subscribed
1st year
N 4/month,
o 2nd year
ial i h,
B6 High n- R CElE] number of social media posts counting posts are made on Twitter and LinkedIn 4 posts/month | - 0 YT,
s posts 3rd year
A 8/month,
4th year
10/month,
N Istyear1,
o 2 videos 2nd year 0,
B7 High n- | videos number of videos created counting every video produced is reported by UITP - 0 3rd year 1-
s produced 3
A 4th year 1
N 1st year 6,
o 2nd year
. . number of events attended by ULTIMO . attended events are tracked by the 8 events
B8 High n- | attending events . counting X I - 0 15,
consortium partners dissemination tracker attended
G 3rd year 25,
A 4th year 20
N Y1:4
Mediu ° event number of events organised by ULTIMO . organised events are tracked by the 2 events Y2: 6
B9 n- - q counting . - R = 0
m G organisation consortium partners dissemination tracker organised Y3:6
A Y4: 8
N Yi>2
o press releases are tracked by the dissemination 2 press V21
B10 | High n- | press releases number of press releases counting tracker. Every press release distributed by releases - 0 Y33
G multiple partners counts as 1 press release distributed Ya>a
A
N
. o | .. - . .
B11 Mediu n CItIZE.n co- number of participants for co-creation o S e | < 0 25 per site
m P creation events and event
A
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94.6%
N
o (Ruter)
. High density L . 100% of the
C1 High nG mapping (RSD) RSD coverage in pilot network observation reports from PTOs 0 route that
A is driven
(Gama)
N
o . L . .
Cc2 High n- i Ulo hor|20|‘1 LT e = 7 observation reports from PTOs 10 15-30 years
G guarantee spare parts is guaranteed
A
N
' o Numl':)er of ey G e vEas & number of'users, and ir'u.:resing num'berrs during
c3 High X n- | handicapped X survey the operation. Comparision of starting day 0 25
ULTIMI solutions
G | users numbers to last day numbers of users.
A
N
O | Results number of languages the ULTIMO . the pilot results have to be translated so they are | EN, GE, NW,
c4 Low X n- I . counting ) ; 0 4
& availability results are translated in available to the other sites FR, IT...
A
evaluation based on typology of Socher et al.
(2018)
https://doi.org/10.1016/j.rtbm.2018.12.003
Level O: no integration single, separate services)
. Level 1: Integration of information (multimodal Oorl,
. L ’ . . observation or L .
. AV integration in | level of integration of the new AV into . travel planner, price info) dependin
Cc5 High X self-evaluation . . . Level 4 3or4d
MaaS a Maas$ network of PTAS? Level 2: Integration of booking & payment (single gon test
N ’ trip - find, book and pay) site
o Level 3: Integration of the service offer
n- (bundling/subscription, contracts etc.)
G Level 4: Integration of societal goals (policies,
A incentives etc.)
N
Mediu o | passenger R (T i eles e (el G aie _ time of call for help and time of arrival have to _ _
Cc6 X n- | security reaction | . observation be traceable 5 min 0 <5 min
m . in case of harassment or assault -
G | time Also depends on local policies and laws.
A
The passenge_r comfor_‘tabllllty is based Post Not uncomfortable <0.315m/sA2, Little Not Hard _ Hard _
N on the analysis of vehicle's - R uncomfortable breaking | breaking
processing in Uncomfortable: 0.315/0.63 m/s”2, Fairly R
o | Passenger performance data. The GPS data for :85%, Little events: events: 0%.
. - R . X GPS data Uncomfortable: 0.5-1 m/s”2, Uncomfortable:
c7 High X n- | comfortability speed is manipulated in order the . Uncomfortable 0.015%. The sum of
. . (timestamp 0.8-1.6m/s”2, Very Uncomfortable: 1.25- X
G | levels acceleration value to be calculated, in : 10%, Fairly Thesum | the ranges
e X and speed are | 2.5m/s”2, Extremely Uncomfortable: 2-3m/s/2,
A the case that the specific sensor is not ———— Hard breaking event >3m/sh2 Uncomfortable of the from
available. Based on the absolute q g :2.5% ranges Uncomforta
* X %
* *
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acceleration values the following Uncomfortable from ble until the
classes as percentages are calculated: :1.25%, Very Uncomfo | extremely
Comfortable, Little Uncofortable, Fairly Uncomfortable rtable uncomforta
Uncofortable, Uncomfortable, Very :0.75%, until the ble less
Uncomfortable, Extremely Extremely extremel | than
Uncomfortable and Hard breaking Uncomfortable y 0.005% of
event. This method has been defined :0.035%, Hard uncomfor | the total
and verified in terms of SHOW project breaking table acceleratio
event: 0.001% 0.5% of n values

the total

accelerati

on values
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